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(57) ABSTRACT

Disclosed is an air-permeable filter with an adhesive layer.
This air-permeable filter is imparted with oil repellency and
includes: a porous membrane having a surface coated with an
oil-repellent agent; and an adhesive layer disposed on the
surface. The oil-repellent agent contains a linear fluorine-
containing hydrocarbon group represented by (1)
—R!'C,F,,CH,C,F, or (2) —R>CF,;, where R! and R? are
each independently an alkylene group having 1 to 12 carbon
atoms or a phenylene group. This air-permeable filter is
imparted with oil repellency without significantly reducing
its adhesive strength to the adhesive layer.

7 Claims, 1 Drawing Sheet
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1
OIL REPELLENCY-IMPARTED
AIR-PERMEABLE FILTER WITH ADHESIVE
LAYER

TECHNICAL FIELD

The present invention relates to an oil repellency-imparted
air-permeable filter with an adhesive layer.

BACKGROUND ART

Vent holes are often provided in housings of various
devices including: automotive electrical/electronic compo-
nents such as headlamps, rear lamps, fog lamps, turn lamps,
motors, various pressure sensors, and pressure switches;
cameras; videos; information terminals such as mobile
phones; electric shavers; electric toothbrushes; and lamps for
outdoor use. The main purpose of providing a vent hole in a
housing of a device is to allow the interior of the device to
communicate with the exterior thereof'so as to avoid an exces-
sive increase in the pressure inside the housing of the device
associated with an increase in the temperature therein during
operation of the device. A vent hole is also provided in a
casing of a battery for the purpose of discharging a gas gen-
erated during operation of the battery.

In order to prevent entry of water or dust through a vent
hole provided in a housing of a device, an air-permeable filter
is placed over the vent hole in some cases. It is common
practice to attach the above air-permeable filter to the housing
of the device using an adhesive layer such as a pressure-
sensitive adhesive tape because the use of the adhesive layer
is an easy and reliable way to attach the filter to the housing at
low cost.

A porous membrane made of a polyolefin resin or a fluorine
resin is often used as the above air-permeable filter. In par-
ticular, a porous membrane obtained by stretching polytet-
rafluoroethylene (hereinafter referred to as “PTFE”) to form
a microporous structure therein (hereinafter referred to as a
“stretched porous PTFE membrane”) is known as an air-
permeable filter excellent in water repellency. However,
sebum, a surfactant, oil, or the like may contact an air-perme-
able filter depending on the environment in which the filter is
used. Even if a stretched porous PTFE membrane excellent in
water repellency is used as an air-permeable filter, entry of a
liquid having a low surface tension cannot be fully prevented.
Accordingly, depending on the intended use, an air-perme-
able filter is subjected to oil-repellent treatment using a treat-
ing agent containing a fluorine-containing polymer.

It is well known that a fluorine-containing polymer having
a linear perfluoroalkyl group (hereinafter, a “linear perfluo-
roalkyl group” may be referred to as an “Rf group”) having 8
or more carbon atoms is suitable for imparting oil repellency.
Rf groups having 8 or more carbon atoms have a significantly
higher crystallinity than Rf groups having a smaller number
of (for example, 6 or less) carbon atoms. This high crystal-
linity is considered to contribute to the development of excel-
lent oil repellency. It is also known that, due to its high
crystallinity, a treating agent having an Rf group having 8 or
more carbon atoms exhibits a large receding contact angle,
(which is one of the dynamic contact angles and another of
which is an advancing contact angle). The receding contact
angle increases with increasing crystallinity, and sharply
increases as the number of carbon atoms increases from 6 to
8. For these reasons, it is common practice to use a treating
agent containing a fluorine-containing polymer having an Rf
group having 8 or more carbon atoms to impart oil repellency
to an air-permeable filter.
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It is also known that oil repellency is imparted to an air-
permeable filter using another treating agent together with the
above-mentioned treating agent. For example, Patent Litera-
ture 1 discloses treating an air-permeable filter with a treating
agent that contains a fluorine-containing polymer having an
Rf group and that also contains a fluorine resin having a
fluorine-containing alicyclic structure in its main chain
(claim 1, etc.). The fluorine resin having a fluorine-containing
alicyclic structure has excellent film formation properties,
and can be obtained, for example, by polymerization of per-
fluoro(2,2-dimethyl-1,3-dioxole) (paragraphs [0009] and
[0011]). Patent Literature 1 teaches that the number of carbon
atoms in the perfluoroalkyl group is 4 to 16, and particularly
preferably 6to 12 (paragraph [0023]). However, in Examples,
a fluorine-containing polymer having perfluoroalkyl groups
having 9 carbon atoms on average is used according to the
common practice described above (paragraphs [0049] and
[0050]; and Examples).

CITATION LIST
Patent Literature

Patent Literature 1: JP H07(1995)-126428 A
SUMMARY OF INVENTION
Technical Problem

As described above, it has been conventionally thought that
the use of the high crystallinity of an Rf group having 8 or
more carbon atoms is essential to impart high oil repellency.
For example, as indicated in the description of Examples in
Patent Literature 1, sufficient oil repellency cannot be
imparted to an air-permeable filter by using only a fluorine
resin having a fluorine-containing alicyclic structure (Com-
parative Examples). Also from a practical point of view, even
if an air-permeable filter has such a property of being
“instantly wetted” by contact with toluene or IPA (isopro-
panol) used in the oil repellency test of Patent Literature 1,
such oil repellency cannot be regarded as sufficient. The
reality is that an Rf group having 8 or more carbon atoms is
used in order to impart practically sufficient oil repellency to
an air-permeable filter.

However, in some cases where an air-permeable filter is
subjected to oil-repellent treatment with a treating agent con-
taining a fluorine-containing polymer having an Rf group
having 8 or more carbon atoms, the adhesive strength of an
adhesive layer to the treated air-permeable filter decreases
significantly. Presumably, the fluorine-containing functional
group used in the oil-repellent treatment of the air-permeable
filter is responsible for this decrease in the adhesive strength.
In fact, fluorine-containing functional groups are less likely to
interact with any material. Therefore, adhesive agents also are
hardly wetted with the treating agent and thus cannot exhibit
sufficient adhesive strength.

Recently, there has been a growing need for minimizing the
width of the adhesive layer to be attached to the air-permeable
filter so as to increase the effective area providing air perme-
ability. As the width of the adhesive layer is reduced, the area
of contact with the air-permeable filter also decreases, result-
ing in a decrease in the adhesive strength. Therefore, there is
a great demand for novel air-permeable filters capable of
maintaining the same level of adhesive strength as conven-
tional air-permeable filters even if the area of contact with an
adhesive layer is reduced as described above.



US 9,254,467 B2

3

In view of the above circumstances, it is an object of the
present invention to impart oil repellency to an air-permeable
filter without reducing the adhesive strength between the
air-permeable filter and an adhesive layer.

Solution to Problem

The present invention provides an air-permeable filter with
an adhesive layer. This air-permeable filter is imparted with
oil repellency and includes: a porous body having a surface
coated with an oil-repellent agent; and an adhesive layer
disposed on the surface. The oil-repellent agent contains a
linear fluorine-containing hydrocarbon group represented by:
1) —R'C,F ,,CH,C,F, or
2) —R2CF .,
where R' and R? are each independently an alkylene group
having 1 to 12 carbon atoms or a phenylene group.

Advantageous Effects of Invention

The oil-repellent agent having a linear fluorine-containing
hydrocarbon group represented by 1) or 2) can impart oil
repellency enough to meet practical requirements, without
significantly reducing the adhesive strength between the air-
permeable filter and the adhesive layer.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1is a top view of an embodiment of an air-permeable
filter with an adhesive layer of the present invention.

FIG. 2 is a cross-sectional view of the embodiment of the
air-permeable filter with an adhesive layer of the present
invention, which is attached to a housing of a device.

FIG. 3 is a cross-sectional view of another embodiment of
the air-permeable filter with an adhesive layer of the present
invention.

DESCRIPTION OF EMBODIMENTS

An air-permeable filter with an adhesive layer according to
the present invention includes a porous body having a surface
coated with an oil-repellent agent. A porous membrane made
of a fluorine resin, in particular, a stretched porous PTFE
membrane, is suitable as the porous body. An example of a
method for producing a stretched porous PTFE membrane
will be described below, although a commercially available
product may be used as the stretched porous PTFE mem-
brane.

First, a pasty mixture obtained by adding a liquid lubricant
to a PTFE fine powder is preformed. The liquid lubricant is
not particularly limited, and may be any liquid lubricant that
can wet the surface of the PTFE fine powder and that can be
removed by extraction or drying. For example, hydrocarbon
products such as liquid paraffin, naphtha, and white oil can be
used. The appropriate amount of the liquid lubricant added is
about 5 to 50 parts by weight per 100 parts by weight of the
PTFE fine powder. The preforming may be performed at such
a pressure that the liquid lubricant is not squeezed out.

Next, the preformed body is formed into a sheet by paste
extrusion or rolling, and the formed body of PTFE is uniaxi-
ally or biaxially stretched to obtain a stretched porous PTFE
membrane. The stretching of the formed body of PTFE is
preferably carried out after the liquid lubricant is removed.

In the present description, as is conventional, a porous
PTFE membrane obtained by stretching the formed sheet of
PTFE to form a microporous structure therein is referred to as
a “stretched porous PTFE membrane”. The stretched porous
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PTFE membrane typically has a distinctive microporous
structure composed of fibrils and nodes, and exhibits excel-
lent water repellency by itself.

The stretched porous PTFE membrane may be a sintered
product obtained by sintering the membrane at a temperature
equal to or higher than the melting point of PTFE, or may be
an unsintered product that has not undergone this sintering
process.

The average pore diameter of the porous body is preferably
0.005 um to 10 um, more preferably 0.01 um to 5 pm, and
particularly preferably 0.1 um to 3 um. When the average pore
diameter is too small, the air permeability of the air-perme-
able filter may decrease. When the average pore diameter is
too large, foreign matters may leak. In addition, the thickness
of the porous body is preferably 5 pm to 5000 um, more
preferably 10 um to 1000 pm, and particularly preferably 10
um to 500 um. When the thickness is too small, there is a risk
that the strength of the membrane is insufficient or the air-
permeable filter is deformed too much due to a differential
pressure between the interior and exterior of a vent housing.
When the thickness is too large, the air permeability of the
air-permeable filter may decrease.

The air-permeable filter may be a layered body including:
a stretched porous PTFE membrane having a surface coated
with an oil-repellent agent; and an air-permeable support for
reinforcing the membrane. The use of the air-permeable sup-
port can prevent the deformation of the air-permeable filter
due to a differential pressure. The air-permeable support may
be a single-layer body or a layered body formed of two or
more layers. In order for the filter to exhibit oil repellency, at
least one principal surface of the air-permeable filter should
be the surface of the stretched porous PTFE membrane that is
coated with the oil-repellent agent.

As the air-permeable support, a porous ultra-high molecu-
lar weight polyethylene membrane, a nonwoven fabric, a
woven fabric, a net, a mesh, a sponge, a foam, a porous
metallic membrane, a metallic mesh, or the like, can be used.
From the viewpoints of, for example, strength, elasticity, air
permeability, workability, and weldability to containers, a
nonwoven fabric or a porous ultra-high molecular weight
polyethylene membrane is preferable as the air-permeable
support.

The stretched porous PTFE membrane and the air-perme-
able support may be simply stacked together, may be bonded
together using an adhesive, a hot-melt resin, or the like, or
may be welded together by hot welding, ultrasonic welding,
vibration welding, or the like.

In the present invention, an oil-repellent agent having a
linear fluorine-containing hydrocarbon group represented by:
1) —R'CsF,,CH,C,Fy: or
2) —R?C4F 5
is used. Here, R* and R? are each independently an alkylene
group having 1 to 12 carbon atoms or preferably 1 to 10
carbon atoms, or a phenylene group. The fluorine-containing
hydrocarbon group represented by 1) or 2) is a linear fluoro-
alkyl group when R' or R? is an alkylene group. The term
“linear” is intended to make it clear that the carbon skeleton of
the fluorine-containing hydrocarbon group does not have two
or more branched terminals, and is not intended to exclude the
case where a phenylene group is contained as R* or R2.

A linear perfluoroalkyl group (Rf group) is a functional
group that has a CF; group exhibiting a low surface free
energy and that imparts water/oil repellency to a coated sur-
face. As described above, it is known that an Rf group having
8 or more carbon atoms has high crystallinity, and thus allows
excellent oil repellency to develop. A treating agent contain-
ing a fluorine-containing polymer having an Rf group having
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8 or more carbon atoms is suitable for imparting water/oil
repellency to a substrate made of leather, paper, resin, or the
like. However, when the treating agent is used for an air-
permeable filter having a microporous structure, such as a
stretched porous PTFE membrane, the adhesive strength to
the adhesive layer that is a pressure-sensitive adhesive tape
may decrease significantly. The water/oil repellency imparted
by this treating agent is useful particularly for applications
that require large dynamic contact angles. However, it is
generally sufficient that oil repellency enough to block pen-
etration of hydrocarbons such as toluene and decane and of
lower alcohols as typified by IPA can be imparted to an
air-permeable filter. When the oil-repellent agent having the
linear fluorine-containing hydrocarbon group represented by
1) or 2) is used to coat the surface of the stretched porous
PTFE membrane, practically sufficient oil repellency can be
imparted to the resulting air-permeable filter without signifi-
cantly reducing its adhesive strength to the adhesive layer.

The oil-repellent agent is preferably a fluorine-containing
polymer having a linear fluorine-containing hydrocarbon
group as a side chain. In this fluorine-containing polymer, for
example, the linear fluorine-containing hydrocarbon group is
bonded to the main chain directly or via a functional group
such as an ester group or an ether group.

Examples of the fluorine-containing polymer having the
linear fluorine-containing hydrocarbon group represented by
1) or 2) include a polymer formed from monomers at least a
part of which is a compound represented by:

a) CH,—=CR*COOR'C,F,,CH,C,Fg; or

b) CH,—=CR*COOR>C4F ;.

Here, R* and R? are as described above. In addition, R® and R*
are each independently a hydrogen atom or a methyl group.

In the case where high oil repellency is required, a com-
pound represented by a), or a compound represented by b)
where R* is a methyl group, is preferably selected as a part of
monomers. That is, in a preferred embodiment of the present
invention, a polymer formed from monomers represented by:
a) CH,—CR*COOR'C,F ,,CH,C,Fq; or
b") CH,—C(CH,)COOR>C4F
is used. Also here, R*, R?, and R? are as described above.

From the viewpoints of preventing a decrease in the adhe-
sive strength to the adhesive layer, the linear fluorine-contain-
ing hydrocarbon group represented by 2) is more suitable.
Therefore, in the case where the maintenance of the adhesive
strength to the adhesive layer is strongly required, it is pref-
erable to select a compound represented by b) as a part of
monomers for forming the fluorine-containing polymer.

This fluorine-containing polymer may be formed by poly-
merizing only the compound(s) represented by a) and/or b) as
monomers, but may be formed by copolymerizing the com-
pound(s) with other monomers. Examples of the other mono-
mers for copolymerization include various (meth)acrylic
monomers. However, the other monomers are not limited to
(meth)acrylic monomers. Any of various monomers having
ethylenically unsaturated bonds, such as tetrafluoroethylene,
may be used. The copolymer may be a random copolymer or
a block copolymer. When the fluorine-containing polymer is
acopolymer, the ratio of the compound represented by a) or b)
in all monomers is preferably 60 mol % or more, and particu-
larly preferably 90 mol % or more in order not to affect
imparting of oil repellency. The polymerization of the com-
pound can be performed according to a commonly-known
method for polymerizing acrylic monomers, and can be car-
ried out by solution polymerization or emulsion polymeriza-
tion.
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The average molecular weight of the fluorine-containing
polymer is not particularly limited, and is, for example, about
1000 to 500000 in terms of the number average molecular
weight.

Examples of the method for coating the surface of the
stretched porous PTFE membrane with the oil-repellent agent
include a method in which the air-permeable filter is
immersed into a solution prepared by dissolving the oil-re-
pellent agent in a dissolving liquid, and a method in which the
solution is applied or sprayed onto the air-permeable filter.
When coating the stretched porous PTFE membrane with the
oil-repellent agent, it is preferable to fix the edges of the
stretched porous PTFE membrane by a frame or the like in
order to prevent contraction of the stretched porous PTFE
membrane. The appropriate concentration of the oil-repellent
agent in the solution varies depending on the method for
coating, and is about 0.1% by weight to 10% by weight in the
case of the method in which the air-permeable filter is
immersed into the solution.

It is determined that the surface of the air-permeable filter
has practical oil repellency when a 5 mm-diameter droplet of
an organic solvent that is n-decane or methanol does not
penetrate the surface within 30 seconds after the droplet is
applied onto the surface. The present invention can also pro-
vide an air-permeable filter with an adhesive layer that
includes a stretched porous PTFE membrane having a thick-
ness of 0.01 mm or more or even 0.05 mm or more in order to
achieve the strength required for the air-permeable filter, and
that also has high adhesive strength as described above and
has a surface having practical oil repellency.

The use of a stretched porous PTFE membrane as an
example of the porous body has been described above, but the
porous body of the present invention is not limited only to the
stretched porous PTFE membrane. A porous formed body
composed of fine ultra-high molecular weight polyethylene
fine particles that are bound together (porous body of ultra-
high molecular weight polyethylene) or an air-permeable
sheet obtained by forming a plurality of through holes in a
non-porous resin sheet in its thickness direction may be used.

The air-permeable filter with an adhesive layer of the
present invention is characterized in that it includes an adhe-
sive layer 1 in contact with a part of the surface of the filter, as
shown in FIG. 1. In the embodiment shown in FIG. 1, the
adhesive layer 1 has a ring shape having an outer edge extend-
ing along the outer edge of an air-permeable filter 2 and an
inner edge surrounding the air-permeable region of the air-
permeable filter 2. The air-permeable filter 2 is also present
immediately below the adhesive layer 1, although not shown
in FIG. 1. The adhesive layer 1 is pressed against a housing of
a device so as to attach the air-permeable filter 2 with the
adhesive layer to the housing of the device. FIG. 2 shows an
example of the embodiment in which the air-permeable filter
with the adhesive layer is attached to the housing of the
device. Typically, the adhesive layer 1 is pressed against the
vent hole of a device housing 3 so as to attach the air-perme-
able filter 2 to the housing, as shown in FIG. 2. In the present
invention, the “adhesive layer” refers to any layer having
adhesive properties and disposed in contact with the air-
permeable filter, and is not necessarily limited only to a layer
made of a pressure-sensitive adhesive agent. For example, the
adhesive layer may be made of an adhesive. The adhesive
layer may also be formed of a double-sided pressure-sensitive
adhesive tape.

The adhesive layer is characterized in that it is disposed on
the surface of the air-permeable filter, and preferably it is
disposed in contact with the peripheral portion of the air-
permeable filter. This is the preferred location of the adhesive



US 9,254,467 B2

7

layer for the intended use of the air-permeable filter to prevent
entry of water or dust through a vent hole while maintaining
the ventilation through the vent hole. As used herein, the
“peripheral portion of the air-permeable filter” refers to a
region having a predetermined width extending radially
inwardly from the outer edge of the air-permeable filter
toward the center thereof. For example, in the case where the
air-permeable filter has a circular shape as shown in FIG. 1,
the peripheral portion of the air-permeable filter is a dough-
nut-shaped region on which the adhesive layer 1 is disposed.
The peripheral portion shown in FIG. 1 has a constant width,
but the width of the peripheral portion does not necessarily
have to be constant and may vary from place to place.

As shown in FIG. 3, the air-permeable filter 2 may further
include an adhesive layer 1 disposed on the surface opposite
to the front surface. The air-permeable filter 2 having the
adhesive layers 1 thus disposed in contact with both the front
and back surfaces thereof is remarkably easy to use, for
example, when it is disposed in a connecting portion between
members.

When the adhesive strength of the oil repellent-treated
air-permeable filter is too low, the air-permeable filter is eas-
ily removed from the housing of the device, thus causing
entry of water or dust into the housing of the device through
the vent hole. Therefore, the adhesive strength between the
adhesive sheet and the air-permeable filter is preferably 3.0 N
ormore per 5 mm diameter and more preferably 3.5 N or more
per 5 mm diameter when the adhesive strength is evaluated by
aprobe tack test. As shown in Examples described below, the
present invention can provide an air-permeable filter that has
an adhesive strength o' 3.0 N or more per 5 mm diameter and
that includes a surface having practical oil repellency. In the
probe tack test, a probe with an adhesive sheet attached to its
tip is pressed against an air-permeable filter, and the force
required to remove the probe from the air-permeable filter is
measured as the adhesive strength. Therefore, the adhesive
strength can be evaluated over the entire adhesive surface, and
thus the probe tack test can be considered as a test method by
which the adhesive strength can be evaluated quantitatively.

EXAMPLES

Hereinafter, the present invention will be described in
detail with reference to Examples and Comparative Example.
However, the present invention is not limited to these
Examples.

Example 1

As a stretched porous PTFE membrane, “TEMISH (regis-
tered trademark) NTF 11317 (size: 15 cmx15 cm; thickness:
0.1 mm; average pore diameter: 1 pm) manufactured by Nitto
Denko Corporation was prepared. In addition, an oil-repel-
lent treatment liquid was prepared by diluting an oil-repellent
agent “X-70-042 manufactured by Shin-Etsu Chemical Co.,
Ltd., with a diluting agent (“FS thinner” manufactured by
Shin-Etsu Chemical Co., Ltd.) so that the concentration of the
oil-repellent agent was 3.0% by weight. The “X-70-042" is an
oil-repellent agent that includes, as an oil-repellent compo-
nent, a polymer formed from monomers including a com-
pound having a linear fluoroalkyl group and represented by
the following formula (a-1):

CH,=—C(CH;)COOCH,CH,C5F, ,CH,C,F, (a-1)

The air-permeable filter was immersed for about 3 seconds
in the oil-repellent treatment liquid whose temperature was
maintained at 20° C. Subsequently, the air-permeable filter
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was left at ordinary temperature for about 1 hour to dry the
filter. Thus, an oil-repellent, air-permeable filter was
obtained. The air-permeable filter with an adhesive layer of
the present invention can be obtained by providing an adhe-
sive layer on this air-permeable filter, but the air-permeable
filter without an adhesive layer was used to smoothly perform
the oil repellency test to be described later.

Example 2

An air-permeable filter was obtained in the same manner as

in Example 1, except that an oil-repellent agent “X-70-041"
manufactured by Shin-Etsu Chemical Co., Ltd., was used.
The “X-70-041” is an oil-repellent agent that includes, as an
oil-repellent component, a polymer formed from monomers
including a compound having a linear fluoroalkyl group and
represented by the following formula (a-2):
CH,=CHCOOCH,CH,C;F,,CH,C,Fy (a-2)

Example 3

100 g of a compound having a linear fluoroalkyl group and
represented by the formula (b-1) shown below, 0.1 g of azo-
bisisobutyronitrile serving as a polymerization initiator, and
300 g of a solvent (“FS thinner” manufactured by Shin-Etsu
Chemical Co., Ltd.) were put into a flask equipped with a
nitrogen introducing tube, a thermometer, and a stirrer. Nitro-
gen gas was introduced while stirring was performed at 70°
C., and addition polymerization was thus allowed to proceed
for 16 hours. As a result, 80 g of a fluorine-containing poly-
mer was obtained. The number average molecular weight of
this polymer was 100000. An oil-repellent treatment liquid
was prepared by diluting the fluorine-containing polymer
with a diluting agent (“FS thinner” manufactured by Shin-
Etsu Chemical Co., [.td.) so that the concentration of the
fluorine-containing polymer was 3.0% by weight.

CH,—C(CH,)COOCH,CH,C4F 5 (b-1)

An air-permeable filter was obtained in the same manner as
in Example 1, except that the oil-repellent treatment liquid
mentioned above was used.

Example 4

100 g of a compound having a linear fluoroalkyl group and
represented by the formula (b-2) shown below, 0.1 g of azo-
bisisobutyronitrile serving as a polymerization initiator, and
300 g of a solvent (“FS thinner” manufactured by Shin-Etsu
Chemical Co., Ltd.) were put into a flask equipped with a
nitrogen introducing tube, a thermometer, and a stirrer. Nitro-
gen gas was introduced while stirring was performed at 70°
C., and addition polymerization was thus allowed to proceed
for 16 hours. As a result, 80 g of a fluorine-containing poly-
mer was obtained. The number average molecular weight of
this polymer was 100000. An oil-repellent treatment liquid
was prepared by diluting the fluorine-containing polymer
with a diluting agent (“FS thinner” manufactured by Shin-
Etsu Chemical Co., [.td.) so that the concentration of the
fluorine-containing polymer was 3.0% by weight.

CH,—CHCOOCH,CH,C4F, (b-2)

An air-permeable filter was obtained in the same manner as
in Example 1, except that the oil-repellent treatment liquid
mentioned above was used.

Comparative Example 1

100 g of a compound having a linear fluoroalkyl group and
represented by the formula (c) shown below, 0.1 g of azobi-
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sisobutyronitrile serving as a polymerization initiator, and
300 g of a solvent (“FS thinner” manufactured by Shin-Etsu
Chemical Co., L'td.) were put into a flask equipped with a
nitrogen introducing tube, a thermometer, and a stirrer. Nitro-
gen gas was introduced while stirring was performed at 70°
C., and addition polymerization was thus allowed to proceed
for 16 hours. As a result, 80 g of a fluorine-containing poly-
mer was obtained. The number average molecular weight of
this polymer was 100000. An oil-repellent treatment liquid
was prepared by diluting the fluorine-containing polymer
with a diluting agent (“FS thinner” manufactured by Shin-
Etsu Chemical Co., [.td.) so that the concentration of the
fluorine-containing polymer was 3.0% by weight.

CH,=—C(CH;)COOCH,CH,CgF , ©

An air-permeable filter was obtained in the same manner as
in Example 1, except that the oil-repellent treatment liquid
mentioned above was used.

<Evaluation>

Oil repellency test, water entry pressure peel test, and
adhesion test were carried out for the air-permeable filters
having been subjected to oil-repellent treatment in Examples
and Comparative Example 1, and for an air-permeable filter
not having been subjected to oil-repellent treatment (that is,
anuntreated product of TEMISH (registered trademark) NTF
1131).

(Oil Repellency Test)

The oil repellency test was carried out in accordance with
“textiles-o0il repellency-hydrocarbon resistance test” speci-
fied in ISO 14419. Specifically, a droplet of an organic solvent
having a diameter of about 5 mm was applied onto a surface
of'eachair-permeable filter using a pipette, and whether or not
penetration of the droplet occurred within 30 seconds after
application of the droplet was visually observed. As the
organic solvents, n-decane, methanol, and n-hexane were
used. For the penetration of the droplet, it was determined that
“penetration occurred” when the droplet was absorbed into
the air-permeable filter or when the color of the air-permeable
filter changed due to the penetration of the droplet. Table 1
shows the evaluation results.

(Water Entry Pressure Peel Test)

The water entry pressure peel test was carried out in accor-
dance with “water resistance tester (high water pressure
method)” specified in JIS L 1092.

First, a circular hole with a diameter of 6 mm was formed
in a double-sided pressure-sensitive adhesive tape (product
name: No. S000NS) manufactured by Nitto Denko Corpora-
tion. Next, each of the air-permeable filters of Examples and
Comparative Example 1 was attached to the double-sided
pressure-sensitive adhesive tape and punched into a circular
shape with a diameter of 9 mm. The positions of the air-
permeable filter and the adhesive tape were adjusted so that
the center of the 9-mm diameter circle coincided with the
center of the 6-mm diameter circle. Thus, a disc-shaped
(doughnut-shaped) specimen with an outer diameter of 9 mm
and an inner diameter of 6 mm was obtained. Subsequently,
the other surface of the double-sided pressure-sensitive adhe-
sive tape of this specimen was attached to a SUS plate of the
water resistance tester. This SUS plate has a 5-mm diameter
hole formed therein and is configured to allow water to reach
a specimen through the hole and to apply pressure to the
specimen. The water pressure applied to the specimen was
increased at a pressure increase rate of 100 kPa/min until the
air-permeable filter and the double-sided pressure-sensitive
adhesive tape were separated from each other and water
entered the filter, and the water pressure at that time was
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measured with a manometer to obtain a water entry pressure.
Table 1 shows the evaluation results.

(Adhesion Test)

The adhesive strength between the oil-repellent-treated
surface of the air-permeable filter and the pressure-sensitive
adhesive agent was evaluated by the probe tack test. A tacking
tester “TACKING TESTER” manufactured by RHESCA
Corporation was used for the probe tack test. Specifically,
first, a probe with a diameter of 5 mm was set on the tacking
tester. Next, the same double-sided pressure-sensitive adhe-
sive tape (“No. S000NS” manufactured by Nitto Denko Cor-
poration) as mentioned above was punched into a circular
sheet with a diameter of 5 mm and attached to the tip of the
probe of the tacking tester. Next, the probe was brought into
contact with the oil-repellent-treated surface of each of the
air-permeable filters of Examples and Comparative Example
1 at a rate of 120 mm/min, allowed to press the air-permeable
filter with a force of 1N for one second, and then removed
from the filter. The force (N) required to remove the probe was
used to evaluate the adhesive strength between the air-perme-
able filter and the double-sided pressure-sensitive adhesive
sheet. This measurement was carried out in an environment at
23° C. and 65% RH. Table 1 shows the evaluation results.

TABLE 1
Qil repellency test Water entry  Probe tack
n- pressure (N per 5 mm

n-decane methanol hexane (kPa) diameter)
Untreated X X X 290 5.5
product
Example 1 o o o 140 3.6
Example 2 o o o 130 3.5
Example 3 o o o 200 4.8
Example 4 o o X 270 5.0
Com. <) <) <) 100 25
Example 1

o: Penetration did not occur
x: Penetration occurred

The results of the “water/oil repellency test” in Table 1
reveals that the air-permeable filters of Examples 1 to 4 each
have oil repellency enough to block penetration of n-decane
(surface tension: 23.83 dyn-cm™") and methanol (surface ten-
sion: 22.45 dyn-cm™"). It can be said that the levels of the oil
repellency of Examples 1 to 4 are quite comparable to that of
Comparative Example 1. Such a surface that blocks penetra-
tion of these organic solvents can meet practical requirements
for the properties needed for use as an air-permeable filter.
The air-permeable filters of Examples 1 to 3 also have high oil
repellency enough to block penetration of n-hexane (surface
tension: 18.40 dyn-cm™"). In the applications that require high
oil repellency, it is preferable to use monomers represented by
CH,—CR’COOR'CsF,;,CH,C,F; or  CH,—C(CH,)
COOR?CF ;.

A comparison of the evaluation results of the “water entry
pressure” and the “probe tack™ between Examples 1 and 2 and
Examples 3 and 4 shows that the polymers (of Examples 3
and 4) each containing monomers represented by
CH,—CR*COOR?C F , exhibit higher adhesive strength to
the adhesive sheet. However, even the polymers (of Examples
1 and 2) containing monomers represented by
CH,—CR?*COOR!C.F,,CH,C,F, exhibit higher adhesive
strength to the adhesive sheet than the polymer (of Compara-
tive Example 1) containing a linear perfluoroalkyl group (Rf
group) having 6 or more carbon atoms.
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The above results are summarized as follows. The air-
permeable filters of the present invention (Examples 1 to 4)
have oil repellency enough to meet practical requirements,
without significantly reducing their adhesive strength to the
adhesive sheet. Thus, the effect of the present invention was
confirmed.

The invention claimed is:

1. An air-permeable filter with an adhesive layer, the filter
being imparted with oil repellency and comprising: a porous
membrane having a surface coated with an oil-repellent
agent; and the adhesive layer disposed on the surface, wherein

the oil-repellent agent comprises a linear fluorine-contain-

ing hydrocarbon group represented by
—R!'C,F,,CH,C,F,, where R! is an alkylene group
having 1 to 12 carbon atoms or a phenylene group.

2. The air-permeable filter with an adhesive layer accord-
ing to claim 1, wherein the oil-repellent agent is a polymer
formed from monomers at least a part of which is a compound
represented by:

CH,=CR3COOR!C;F,,CH,C,Fy; or

where R? is a hydrogen atom or a methyl group.
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3. The air-permeable filter with an adhesive layer accord-
ing to claim 2, wherein the oil-repellent agent is a polymer
formed from monomers represented by:

CH,=CR3COOR!CsF, (CH,C,F.

4. The air-permeable filter with an adhesive layer accord-
ing to claim 1, further comprising a second adhesive layer
disposed on a second surface opposite to the surface.

5. The air-permeable filter with an adhesive layer accord-
ing to claim 1, wherein a S mm-diameter droplet of an organic
solvent that is n-decane does not penetrate the surface within
30 seconds after the droplet is applied onto the surface.

6. The air-permeable filter with an adhesive layer accord-
ing to claim 1, wherein an adhesive strength between the
air-permeable filter and the adhesive layer is 3.0 N or more per
5 mm diameter when the adhesive strength is evaluated by a
probe tack test.

7. The air-permeable filter with an adhesive layer accord-
ing to claim 1, wherein the porous membrane is a stretched
porous polytetrafluoroethylene membrane.

#* #* #* #* #*



